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INTRODUCTION 
Eddy current imaging has been used in eddy current nondestructive testing in order to 
identify small surface flaws in conducting materials [1-5]. However, the conventional pancake 
coil probes provide blurred flaw images because the eddy current in the test material induced 
by the probe spreads over a larger area than the coil size. The authors first applied popular 
deconvolution method to blurred Eer flaw images to get clear flaw images. However, it did 
not work well because a small drill hole signal does not correlate linearly to slit flaw signals. 
So the authors have devised a new Eer method utilizing a tangential coil and computerized 
tomography inversion technique in order to obtain clearer Eer flaw images. 
A thin reetangular tangential coil produces eddy current testing projections of a flaw at 
different angles to the coil while it rotates and scans over the flaw. The authors have found that 
the signal area transform of each pair of those flaw projections at right angles to each other 
converts the Eer flaw projections into those analogaus to Radon transforms in the X-ray er. 
Thus the X-ray er inversion technique can be applicable to the Eer projections in order to 
produce a clearer Eer image. The experimental results have proved that the new Eer method 
using a tangential coil and er inversion technique provides much clearer Eer flaw images 
then those obtained by a conventional pancake-coil probe. 
Rev1ew of Progress m Quantztaflve Nondestrucflve Evaluatwn, Vol. 16 
Ed1ted by D.O. Thompson and D.E. ChimentJ, Plenum Press, New York, 1997 821 
RADON TRANSFORM IN X-RA Y er 
Let us consider a material which has two dimensional attenuation coefficient F(x,y) of 
X-ray as shown in Figure 1. When a X-ray is applied to the material in y, direction and 
scanned in x, direction, the projection tox, axis is given by following Radon transform 
Thus the projections of X-ray er are derived by the line integrals in the X-ray projection 
direction. Rotationsand scans of the X-ray beam produce a group of projections which are 
converted into a tomography of the material by er inversion technique. 
The authors have wanted to apply this er method to eddy current flaw image to obtain 
clearer Eer flaw images. 
FlA W SIGNALS GENERATED BY A TANGENTIAL COIL 
In eddy current testing, the conventional pancake coil induces circular eddy current in 
the testmaterial as shown in Figure 2 (a). The eddy current spreads over a larger area than the 
coil diameter. This is the reason why Eer flaw images obtained by a pancake probe are 
blurred. 
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Figure 1 X-ray er projections. 
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Figure 2 Eddy current induced in test material. 
The authors have thought of using a thin tangential coil as shown in Figure 2 (b ). The 
thin tangential coil induces a straight beam of eddy current like X-ray beam. Thus the authors 
thought that, if the tangential coil has a small winding cross section and is scanned and rotated 
over a flaw in a test material, the resultant signals would be analogaus to projections in X-ray 
er. 
It is assumed that the tangential coil is Ionger than a slit flaw and the eddy current in the 
test material is induced as a thin current beam by the coil. The authors have also assumed that 
the flaw signal from the tangential coil is proportional to the flaw depth. Thus, when the eddy 
current is induced in y, direction and scanned in x, direction, the resultant Eer flaw signal is 
derived by the following equation 
(2) 
where D( X' y) is the flaw depth, y rm is the y r value at maxirnum flaw depth, and k is constant. 
The authors noticed that the Eer flaw signal given by Equation (2) is totally different from 
Radon transform in X-ray er given by Equation (1). 
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Figure 3 Eer flaw signal from a slit flaw. 
SIGNAL TRANSFORMATION FOR er INVERSION 
In X-ray er, X-ray scans over a slit flaw produce projections P(x,) andP(y,) as 
shown in Figure 4 (a). On the other hand, in eddy current signals, scans of a tangential coil 
over a slit flaw produce Eer signals S( x, ) and S(y, ) as shown in Figure 4 (b ). Thus the Eer 
signals are totally different from the X-ray er projections. 
The authors have thought of transforrning the Eer signals to make the signals analogaus 
to X-ray er projections. As they observed the Eer signals and X-ray er projections, the 
authors have noticed that, if one of the Eer signal is multiplied by the area of the other signal 
in Figure 4 (b), the resultant signals can become analogaus to X-ray er projections. 
Eer signal generated by x , direction scan of a tangential coil is derived by foregoing 
Equation (2). On the other band, if a tangential coil is scanned in y, direction, the Eer signal 
is expressed by the following equation 
(3) 
The authors have thought of transforrning Equations (2) and (3) each other by their signal area. 
The signal area transforms are conducted by the following equations 
E(x,) = kx ·S(x, )JS(y, )·dy, , (4) 
E(y,)=ky ·S(y, )JS(x,)·dx,, (5) 
where constants k x and k Y are given by the following equations by considering the dirnension 
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of the equations 
k = l!JS(x )·dx = 1/ k ·JD(x y )·dx x r r r ' rm r ' 
Substitutions ofEquations (2) and (3) into Equations (4) and (5) provide the following 
equations 
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Figure 4 X-ray er projections and tangential coil Eer signals. 
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where K and K' are constants. Thus the transformed signals E(x,) and E(y,) given by 
Equations (8) and (9) contain the information on the flaw depth D(x,y) and are obtained by 
the line integrals along the lines perpendicular to the scanning directions of a tangential coil. It 
is understood from Equations (8) and (9) that Equations (4) and (5) transform the tangential 
coil Eer signals into line integrals along the eddy current flow which are analogaus to Radon 
Transform shown in Equation (1) except for replacing the attenuation coefficient F(x,y) by 
the flaw depth D(x,y). Thus the authors have thought that er inversion technique can be 
applied to Eer signals transformed by Equations (4) and (5) in order to obtain clearer Eer 
flaw irnages. 
EXPERIMENTAL RESULTS 
The authors have conducted experirnents of the tangential coil eddy current testing and 
the signal area transform in order to verify the foregoing theory. The test materials used are 
brass plates of 160 X 160 X5 mm3 which have a slit flaw of 25 mm long and 0.5 mm wide 
machined by electric discharge. The experirnents were conducted at the test frequency of 32 
kHz. The size of the tangential coil is 50 mm long and 25 mm high with winding cross section 
of 1 X 1 mm2• The eddy current signals were taken at each rotation angle of 1.8 degrees and 
each scan pitch of 0.5 mm. A pancake coil of 3 mm outer diameter and 1 X 1 mm winding cross 
section was also used to conduct the conventional eddy current testing. 
Figure 5, 6, and 7 show the experimental results. Figures (a) show the actual flaw 
irnages. Figures (b) show the tangential coil Eer flaw irnages obtained by er inversion 
technique. Figures ( c) show the Eer flaw irnage obtained by the pancake coil. Those figures 
apparently show that er inversion irnages using a tangential coil are clearer than those 
obtained by the conventional pancake coil. The pixel size of those figures (b) and ( c) is 0.5 X 
0.5 mm2• Smaller intervals ofthe rotation and the scan ofthe tangential coil make the pixel size 
smaller and provide more precise flaw irnages. 
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Figure 5 Images af 25 nun lang flaw with constant depth. 
(a) actual flaw image (b) er inversian image (c) pancake coil image 
fal ~ 
~ ~o. 1s. 
25. Or I 
~
I 
Figure 6 Images of 25 nun lang flaw with curved depth. 
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Figure 7 Images of 25 mm long fl.aw with saw-tooth depth. 
CONCLUSION 
This paper has shown that the combination of tangential coil Ecr Signals and er 
inversion technique provides clearer slit fl.aw images than those obtained by the conventional 
pancake coil probe. The authors think that further studies are needed to get much clearer fl.aw 
images by changing the tangential coil size and the test frequency. 
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